Method of Manufacturing Micro Glass Optical Element 
Related Application 

[0001] This application is based on application No. 2000-270068 filed in Japan, 
the content of which is hereby incorporated by reference. 

Field of the Invention 

[0002] The present invention relates to a method of manufacturing a micro glass 
optical element such as a collimator lens for optical communication, an optical 
pickup lens and an endoscope lens and a micro glass droplet for manufacturing a 
micro glass optical element, and a micro glass optical element and a glass 
material for molding obtained by the method. 

Description of the Prior Art 

[0003] Micro glass optical elements used to be manufactured by grinding. 
However, since this method is inferior in productivity, the following methods have 
been used in recent years: 

[0004] (A) Method of heating a glass material having an approximate shape, 
and pressing it with a mold; 

[0005] (B) Method of dropping a molten glass droplet onto a heated mold, and 
pressing it; and 

[0006] (C) Method of solidifying a molten glass droplet by cooling, thereby 
manufacturing a spherical lens. 

[0007] However, in manufacturing a micro optical element with a diameter of, 
for example, approximately <(> 0.5 to 4>3 mm, these methods present the following 



problems: 

[0008] In the case of the method (A), it is necessary to prepare a micro glass 
material for molding having a corresponding volume, and since it is difficult to 
process such a micro glass material, cost increases. Another method for obtaining 
a micro glass material is machining glass material molded so as to have a larger 
volume, into a micro glass material. In this method, cost also increases because 
the number of manufacturing steps increases. 

[0009] In the case of the method (B), it is difficult to obtain a micro molten glass 
droplet with a diameter of not more than <|> 3 mm for the following reason: 
Normally, the weight of a glass droplet dropped from a nozzle is represented by the 
following expression: 

mg = 27rrY (1) 

Here, m is the mass of the glass droplet; 
g is the acceleration of gravity; 

r is one-half the outside diameter of the nozzle tip; and 
Y is the surface tension of the glass droplet. 

[0010] According to the expression (1 ), the weight of the glass droplet can be . 
reduced by reducing the outside diameter of the nozzle tip. In actuality, however, 
1 ) since it is necessary for the nozzle to have a predetermined inside diameter in 
order for molten glass to flow through the nozzle, the reduction in the outside 
diameter is limited, and 2) since molten glass wets and spreads at the nozzle tip to 
increase the apparent outside diameter of the nozzle tip, the reduction in the 
outside diameter produces no effect. Thus, in actuality, it is difficult to obtain a 
molten glass droplet having a size of a certain degree or smaller, and the lower limit 



of the diameter of the molten glass droplet is <J> 3 mm. 

[0011] In the case of the method (C), like in the case of the method (B), it is 
difficult to obtain a micro glass droplet with a diameter of not more than <j> 3 mm. 
[0012] A glass droplet with a diameter of not less than approximately (j>3 mm 
can be obtained by dropping molten glass from a nozzle as usually performed. 
However, in that case, to adjust the weight of the glass droplet, it is normally 
necessary to change the outside diameter and the shape of the nozzle, so that the 
rate of operation of the production facilities decreases. This is a big factor of cost 
increase. 

Summary of the Invention 

[0013] An object of the present invention is to provide an improved method for 
obtaining a micro glass droplet by solving the problems of the methods (A) to (C). 
[0014] An object of the present invention is, particularly, to provide a method for 
obtaining a micro glass droplet with a diameter of not more than <|> 3 mm. 
[0015] Another object of the present invention is to provide a method for 
adjusting the size of the glass droplet easily and precisely without changing the 
nozzle. 

[0016] The present invention relates to a method of manufacturing a micro 
molten glass droplet with a diameter of not more than 5 mm, characterized in that 
by colliding a molten glass droplet with a micro through hole formed in a 
plate-shaped member, at least part of the glass droplet is pushed out to the 
reverse surface of the micro through hole as a micro droplet. 
[0017] Particularly, the present invention relates to the above-described 
manufacturing method wherein the collision of the molten glass droplet is by a free 



fall of the molten glass droplet dropped from a nozzle. 

[0018] Moreover, the present invention relates to a method of manufacturing a 
micro spherical lens or a micro spherical material for pressing, wherein a micro 
molten glass droplet obtained by any of the above-described methods is solidified 
by cooling. 

[001 9] Further, the present invention relates to a micro optical element 
manufactured by dropping a micro molten glass droplet obtained by any of the 
above-described methods onto a mold and molding it, or to a glass material for 
pressing manufactured by dropping a micro molten glass droplet obtained by any 

Q 

i0 of the above-described methods onto a mold and preliminarily molding it. 

hi [0020J Further, the present invention relates to a method of adjusting the weight 

FU of a micro molten glass droplet in any of the above-described methods of 

fU manufacturing a micro molten glass droplet, wherein the adjustment is made by 

G adjusting any or all of the diameter of the micro through hole, the distance from 

M' the nozzle to the micro through hole and the temperature of the molten glass. 

p [0021] In addition, the present invention relates to an apparatus for 

manufacturing a micro molten glass droplet with a diameter of not more than 5 
mm, including a nozzle, and a plate-shaped member placed below the nozzle and 
having a micro through hole for further dropping at least part of a molten glass 
droplet dropped from a nozzle. 



Brief Description of the Drawings 

[0022] This and other objects and features of this invention will become clear 
from the following description, taken in conjunction with the preferred 
embodiments with reference to the accompanied drawings in which: 
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[0023] Figs. 1 (a) and 1 (b) are schematic views showing a method of removing 
excessive glass (in a case where the diameter of a micro hole is small), Fig. 1 (a) 
showing a condition before the excessive glass is removed and Fig. 1 (b) showing a 
condition while the excessive glass is being removed; 

[0024] Figs. 2(a) and 2(b) are schematic views showing a method of removing 
the excessive glass (in a case where the diameter of the micro hole is large). Fig. 
2(a) showing a condition before the excessive glass is removed and Fig. 2(b) 
showing a condition while the excessive glass is being removed; 
[0025] Fig. 3 is a schematic view showing a problem that arises in a case where 
yp a plate-shaped member having the micro hole is too thin; 

W [0026] Fig. 4 is a schematic view showing a problem that arises in a case where 

Hi the shape of the micro hole is inappropriate; 

HI [0027] Fig. 5 is a schematic view showing an example of a method of 

s 

□ manufacturing a micro molten glass droplet (first embodiment); 

S3 

H> [0028] Fig. 6 is a schematic view showing another example of a method of 

HI 

Q manufacturing a micro molten glass droplet and manufacturing a micro lens from 

the micro molten glass droplet (second embodiment); 

[0029] Fig. 7 is a schematic view showing still another example of a method of 
manufacturing a micro molten glass droplet and manufacturing a micro glass 
material for pressing from the micro molten glass droplet (third embodiment); and 
[0030] Fig. 8 is a schematic view showing another type of saucer for the micro 
molten glass droplet in the method of the third embodiment. 



Description of the Preferred Embodiment 

[0031] This embodiment provides a method of manufacturing a micro molten 
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glass droplet with a diameter of not more than 5 mm, particularly, 0.5 to 3 mm, and 
is a technology to collide a molten glass droplet with a micro through hole having a 
smaller diameter to thereby form a micro molten glass droplet on the reverse 
surface of the micro through hole. 

[0032] The size of the micro molten glass droplet obtained through the micro 
through hole is a function of the kind of the glass and the temperature of the 
molten glass passing through the micro hole which kind and temperature decide 
the viscosity and the surface tension of the glass, the speed of the molten glass 
colliding with the micro hole, the diameter (D) of the micro hole, the length (L) of 
the micro hole, L/D of the micro hole, the shape of the micro hole, the shapes of 
the edges of the entrance and the exit of the micro hole, the smoothness of the 
inner surface of the micro hole, the material of a plate-shaped member on which 
the thermal capacity of the plate-shaped member and wetting of the glass to the 
inner surface of the micro hole are dependent, and the like, and by selecting these 
conditions, a necessary adjustment of the size of the micro molten glass droplet 
can be made. The present invention has found that, by appropriately selecting, 
of these factors, the diameter of the micro through hole, the temperature of the 
molten glass passing through the micro hole and the speed of the molten glass 
colliding with the micro hole, a micro molten glass droplet of a target size can be 
obtained. 

[0033] The diameter of the micro through hole is selected according to the 
target micro molten glass droplet diameter. It is normally 0.7 to 1 time the target 
micro molten glass droplet diameter. 

[0034] The temperature of the molten glass passing through the micro hole is not 
specifically limited as long as it is a temperature at which the viscosity is low enough 



for the micro droplet to be separated when colliding with the plate-shaped 
member. However, normally, it is desirable that the temperature be within a range 
where excellent internal quality is obtained. 

[0035] It is necessary for the molten glass collided with the micro through hole 
only to be a molten glass droplet having a larger diameter than the micro hole. 
However, since the weights of the obtained micro glass droplets tend to vary 
largely when the weight ratio to the desired micro glass droplet is low, it is desirable 
that the weight of the molten glass collided with the plate-shaped member be two 
or more times the weight of the desired micro glass droplet. 
[0036] The method for supplying the molten glass droplet is not specifically 
limited. The molten glass droplet may be supplied by any method. For example, 
the following method may be used: Molten glass is dropped by gravitation from a 
nozzle provided at a lower part of a molten glass reservoir, and is collided with the 
plate-shaped member having a micro through hole which member is placed 
below the nozzle. Therefore, in this case, the speed of collision depends on the 
distance H between the lower end of the nozzle and the micro through hole. In 
the case of the present invention, the distance H is generally 10 to 5000 mm, 
preferably, 50 to 2000 mm. 

[0037] After a micro glass droplet is dropped from the micro through hole, the 
excessive glass remaining on the plate-shaped member can be removed easily by 
the procedure shown below. Therefore, micro glass droplets can be obtained 
continuously without the need to change the plate-shaped member having the 
micro through hole each time. 

[0038] When the diameter of the micro hole is comparatively small (for example, 
not more than 4>1 .8 mm) and the excessive glass remaining on the plate-shaped 



member does not enter the micro hole due to the surface tension of the glass, the 
excessive glass can be removed easily by scraping it off with a metal spatula as 
shown in Fig. 1, or by absorbing it or pinching it off. 

[0039] When the diameter of the micro hole is comparatively large (for example, 
not less than <t>2.2 mm), the excessive glass remaining on the plate-shaped member 
enters the micro hole. In this case, the excessive glass can be removed easily by 
pushing it up from below with a pin-shaped member as shown in Fig. 2 or by 
pushing it up with a pin-shaped member and then, scraping it off with a metal 
spatula. 

[0040] In this case, if the plate-shaped member having the micro hole is too thin, 
the glass entering the micro hole spreads from the micro hole around the micro 
hole on the lower surface of the plate-shaped member as shown in Fig. 3, so that it 
is difficult to remove the excessive glass. Therefore, it is desirable for the 
plate-shaped member to have a thickness such that the glass entering the micro 
hole does not reach the lower surface. 

[0041] When the diameter of the micro hole is larger at the lower surface of the 
plate-shaped member than at the upper surface thereof as shown in FIG. 4, 
removal of the excessive glass is also difficult. Therefore, it is desirable for the 
diameter of the micro hole to be the same throughout the hole or to be larger at 
the upper surface than at the lower surface. While a material such as ceramic 
can be used, a material is desirable that is high in heat resistance and with which 
the periphery of the micro through hole does not deteriorate due to oxidation or 
the like. 

[0042] Even when the micro through hole is not circular in cross section, a 
spherical micro molten glass droplet is normally obtained because of the surface 



tension. However in view of elimination of dead space in the micro hole, it is 
desirable that the micro through hole be circular in cross section. 
[0043] When the molten glass droplet collided with the micro through hole is 
supplied from a nozzle, for example the following method can be used: The nozzle 
is attached to a lower end of a molten glass reservoir like a melting pot, and after a 
droplet is formed at the tip of the nozzle, the molten glass is dropped from the 
nozzle by the gravitation. 

[0044] By use of micro molten glass droplets manufactured by the 
above-described method, micro glass materials such as a micro spherical lens, a 
glass material for pressing and a micro optical element can be manufactured by 
the following method. A micro spherical lens or a glass material for pressing can 
be manufactured by solidifying a micro molten glass droplet by cooling, or by 
further performing finishing processing such as polishing on the solidified glass 
droplet. Alternately, a micro optical element or a glass material for pressing can 
be manufactured by dropping a micro molten glass droplet onto a mold in a 
molten state and molding it. 

[0045] Hereinafter, the present invention will be described in detail and 
concretely with embodiments. 

First Embodiment 

[0046] Referring to Fig. 5, reference number 1 represents a glass melting pot, 
and reference number 2 represents a nozzle for dropping glass droplets. The 
melting pot 1 is heated to 1000°C by non-illustrated heating means. Molten glass 4 
(material property SF57) in the melting pot 1 is stirred by a stirring bar 3. When the 
nozzle 2 is heated to 1 100°C by the non-illustrated heating means, a glass droplet 5 



is formed at the tip of the nozzle 2. When the weight of the glass droplet 5 
becomes a predetermined value or heavier, the glass droplet 5 is separated from 
the nozzle to be dropped. 

[0047] As mentioned above, the weight of the glass droplet 5 is represented, 
theoretically, by the expression (1), and depends mainly on the outside diameter of 
the nozzle 2. In an experiment, when the nozzle outside diameter was 4 mm [the 
nozzle inside diameter was 0.8 mm), a molten glass droplet of approximately 200 
mg (4 mm in diameter) was obtained, and when the outside diameter was 1 mm 
(the inside diameter was 0.5 mm), a molten glass droplet of approximately 70 mg (3 
mm in diameter) was obtained. However, to further reduce the nozzle outside 
diameter, it is necessary to further reduce the nozzle inside diameter and molten 
glass does not flow through the nozzle unless a high pressure is applied, so that the 
molten glass droplet cannot be dropped excellently. Therefore, in the case of this 
glass, it is extremely difficult to drop a glass droplet with a weight of not more than 
70 mg. 

[0048] A stainless steel plate (droplet weight control plate 6) with a thickness of 
1 .5 mm having a circular micro through hole 7 with a diameter of 2 mm was placed 
horizontally at 100 mm below the nozzle, and a glass droplet 5 of 195 mg was 
dropped from the nozzle (the outside diameter 4 mmD) onto the micro through 
hole. Part of the molten glass droplet passed through the micro through hole 7 by 
the kinetic energy obtained by the dropping to become a micro glass droplet 8, 
which dropped to the reverse surface of the micro through hole. The micro 
molten glass droplet 8 was approximately 35 mg in weight (2.3 mm in diameter), 
and a micro glass droplet that cannot be obtained by only dropping from the 
nozzle was obtained. Since the glass 1 5 of approximately 1 60 mg remaining on 
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the control plate 6 could be removed by absorption or by scraping it with a metal 
spatula, micro glass droplets could be obtained continuously. 

[0049] The sizes of the micro glass droplets obtained when the diameter D of the 
micro through hole and the distance H from the control plate (thin plate) to the 
nozzle tip were varied as shown in Table 1 in the above are shown in Table 1 . Here, 
the glass kind is SF57. 

Table 1 

~ DIAMETER D OF MICRO THROUGH HOLE 

2.0 1 .8 1 .6 
Distance 100 mm 35 mg Not dropped Not dropped 
H 150mm 42 mg 20 mg 12 mg 
200 mm . 22 mg 22 mg 16 mg 

[0050] Generally, the smaller the distance H is, the lighter the micro glass droplet 
is. However, when the distance H is smaller than a predetermined limit, the molten 
glass does not pass through the micro through hole, so that no micro glass droplet is 
formed. By appropriately selecting the diameter D of the micro hole and the 
distance H, a target micro glass droplet can be obtained. 
[0051] Variations in the sizes of the micro glass droplets obtained when the 
temperature of the nozzle wasvaried while the diameter D of the micro through 
hole was fixed to 1 .6 mm and the distance H from the control plate (thin plate) to 
the nozzle tip was fixed to 200 mm are shown in Table 2. Here, the glass kind is 
SF57. 



Table 2 



Temperature of nozzle 950 960 980 J000 1050_ 

"Weight of micro glass droplet Failure 14 mg 1 6 mg 18 mg 21 mg 

Diameter of micro through hole : 1 .6 mm 
Distnce : 200 mm 



[0052] The lower the temperatur of the nozzle is, that is, the higher the viscosily 
of the molten glass is, the lighter the micro glass droplet is. However, when the 
viscosity exceeds a predetermined level, the molten glass does not pass through 
the micro through hole, so that no micro glass droplet is formed. A target micro 
glass droplet can be obtained also by appropriately selecting the temperature of 
the nozzle, that is, the temperature of the molten glass. 

Second Embodiment 

[0053] A method of forming a micro molten glass droplet and molding a micro 
lens therefrom will be described with reference to Fig. 6. Like the first embodiment, 
a molten glass droplet (SF57) 5 of approximately 200 mg was dropped from the tip 
of a nozzle 2 with an outside diameter of 4 mm onto a control plate 6 having a 
micro through hole 7 with a diameter D of 2 mm, so that a micro molten glass 
droplet of approximately 35 mg was dropped from the reverse surface of the micro 
through hole. After the micro molten glass droplet 8 was dropped onto a flat mold 
9 heated to 400°C, the mold 9 was moved to below an upper mold 10 also heated 
to 400°C and on which a spherical concave with a radius of 1 .5 mm was formed by 
precision grinding, and a lens 1 1 was pressure-molded by the upper mold 10 and 
the lower mold 9. 

[0054] To both surfaces of the obtained molded lens 2, the shapes of the molds 
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were precisely transferred. Thus, a micro lens with a weight of 35 mg which had 
been difficult to obtain was obtained. 

Third Embodiment 

[0055] As shown in Fig. 7, molten glass 4 (SK5) in a melting pot 1 was dropped as 
a molten droplet of approximately 200 mg from a nozzle with an outside diameter 
of 4 mm onto a micro through hole 7 with a diameter D of 1 .6 mm provided in a 
control thin plate 6. The molten glass was dropped from the reverse surface of the 
micro through hole as a molten micro glass droplet 8 with a size of approximately 
10 mg. The micro glass droplet 8 was ensphered by the surface tension and 
solidified by being cooled while dropping, and was collected as a micro spherical 
lens 1 3 of 1 0 mg in a saucer 1 2 placed sufficiently below. 
[0056] The micro spherical lens can be used as a material for molding for 
obtaining micro optical elements of various shapes by being further 
pressure-molded. 

[0057] The micro glass droplet 8 may be solidified instead of by cooling by itself 
while dropping but by being cooled in the following manner: The micro glass 
droplet 8 is received in a saucer 14 having an air vent 15 formed in its center as 
shown in Rg. 8, and cooling air is flown through the air vent to roll the micro glass 
droplet 8 on the saucer or to float it thereby cooling the micro glass droplet 8. 
[0058] The saucer 14 may be made of a porous material such as porous carbon 
or porous ceramic so that air is flown out from the entire surface of the saucer to 
cool the micro glass droplet 8. 

[0059] As described above, according to the method of the present invention, 
a micro glass droplet with a diameter of not more than 5 mm that cannot be 
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obtained by dropping molten glass directly from the nozzle can be obtained. 
[0060] Moreover, by solidifying the obtained micro glass droplet by cooling, a 
micro glass lens and a micro glass materia! for pressing can be manufactured. 
Moreover, by dropping the obtained micro glass droplet onto a mold and pressing 
it, a micro optical element and a micro glass material for pressing can be 
manufactured. 

[0061] Further, according to the method of the present invention, by adjusting 
any or all of the diameter of the micro through hole, the distance from the nozzle to 
the micro hole and the temperature of the molten glass, the size of the micro glass 
droplet can be adjusted without the apparatus being stopped for a long time for 
changing the nozzle. 

[0062] Although the present invention has been fully described by way of 
example with reference to the accompanying drawings, it is to be understood that 
various changes and modifications will be apparent to those skilled in the art. 
Therefore, unless otherwise such changes and modifications depart from the scope 
of the present invention, they should be construed as being included therein. 
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